Background: Relationship between type 2 DM and cardiovascular disease (CVD) is well known, with CVD being the most common cause of mortality in diabetics. Significant myocardial injury before overt CVD in DM can be identified early using echocardiography. This study therefore aimed at evaluating left ventricular structure and function of patients with type 2 DM. Materials and Methods: One hundred and fifty adult type 2 DM patients were recruited with 150 age-and sexmatched controls. Patients and subjects with systemic hypertension, pregnancy, sickle cell disease and structural heart disease were excluded from the study. Participants were evaluated clinically; had anthropometric parameters and electrocardiogram taken. Echocardiograms were obtained according to the American Society of Echocardiography (ASE) recommendations. Results: Mean age of the patients (55.4±11.6 years) was similar to that of the control (54.2±9.6 years) (P=0.348) and the duration of DM was 4.53 years. Left ventricular (LV) systolic function was normal in both groups but was higher in patients than controls (ejection fraction=70.3±10.7% and 64.4 ± 9.4%, P =0.001 respectively). The prevalence of LV diastolic dysfunction (LVDD) was 72% in the patients compared with 6% in controls (P=0.001). Patients' age, body weight, duration of DM, LV mass index and left atrial dimension were positive correlates of LVDD while patients' age, weight and left atrial dimension were independent predictors of LVDD. Conclusion: There is high prevalence of alterations in LV structure and function in normotensive type 2 DM; and there is a need for early intervention to prevent overt LV dysfunction.
Introduction
Diabetes mellitus (DM) is a chronic metabolic disorder resulting from defects in insulin secretion, action or both leading to inefficient metabolism of sugars and other substrates by the body tissues; causing both acute and chronic life-threatening complications. Presently, about 2.8% of the world population (about 177 million people) is afflicted by DM and it is expected to almost double by 2030. [1, 2] In Nigeria, the prevalence of type 2 DM was about 2.2% in 1997. [3] Among many complications of DM, cardiovascular involvement, frequently manifesting as peripheral vascular disease, coronary artery disease (CAD), systemic hypertension, congestive heart failure and stroke, is associated with worse clinical outcome. [4] However, prior to, or simultaneously with these overt presentations, more subtle and insidious myocardial damage may be ongoing which become manifest only when significant myocardial injury has occurred. Previous studies in DM patients which assessed cardiac function were predominantly done in those with systemic hypertension. [5, 6] A combination of DM and systemic hypertension is known to be associated with poor health and premature death. [7] This study aimed at evaluating left ventricular structure and function of individuals with type 2 DM who are free of systemic hypertension using non-invasive imaging modality.
Materials and Methods
This cross-sectional study was carried-out at a University Teaching Hospital in Nigeria. One hundred and fifty adult type 2 DM patients were randomly selected with 150 age-and sex-matched normal non-diabetic subjects. Type 2 DM patients and subjects with systemic hypertension, pregnancy, sickle cell disease and structural heart disease were excluded from the study. All the study participants were evaluated clinically and anthropometric parameters such as height (m), weight (kg), waist and hip circumference (cm); body mass index (BMI) and waist-hip ratio (WHR) were assessed. The following laboratory investigations were done:; fasting serum lipid profile, fasting plasma (venous) glucose, glycosylated hemoglobin (HbA1c), serum electrolytes, urea and creatinine. Electrocardiogram (ECG) was also done in all the subjects. Esaote Megas CVX Echocardiography machine which has facility for two-dimensional, m-mode, continuous wave, pulsed wave and color Doppler was used to assess the heart according to the American Society of Echocardiography (ASE) recommendations. [8] Indices measured included÷ left ventricular internal dimension in diastole (LVIDd) and in systole (LVIDs), interventricular septum in diastole (IVSd) and systole (IVSs) and the posterior wall dimension in diastole (PWd) and systole (PWs). Others were aortic (AOD) and left atrial dimension (LAD). LV ejection fraction (LVEF), fractional shortening (FS) and left ventricular mass index (LVMI) were derived from the earlier measurements. The LVMI, EF and FS were determined as follows:
BSA where IVSd -interventricular septal thickness in diastole LVDd -left ventricular wall dimension in diastole PWTd -posterior wall thickness in diastole BSA -body surface area Relative wall thickness (RWT) was calculated by the formula: [9] 2 × PWd/LVIDd. The pattern of LV remodeling was determined using LVMI and RWT. Increased RWT was present if RWT was ≥0.45 [9] LV geometric pattern was classified using RWT and LVMI as follows: Normal geometry = normal LVMI and RWT Concentric remodeling= normal LVMI and RWT ≥0. Aigbe, et al.: Left ventricular structure and function, and diabetes mellitus des patients étaient des prédicteurs indépendants de LVDD. Conclusion: Il y a forte prévalence de la fonction et des altérations dans la structure de LV dans normotensif type 2 DM; et il existe un besoin pour une intervention précoce à empêcher les manifestes LV dysfonctionnement.
Mots-clés:
Les patients normotendus noirs, quitté la fonction ventriculaire, tapez 2 DM using Doppler modalities. The Doppler variables measured included peak velocity of early mitral filling (E-wave), peak velocity of atrial contraction (A-wave), and E/A ratio. Others included isovolumic relaxation time (IVRT) and the deceleration time (DT). Pulmonary venous flow (PVF) velocity recordings, which included peak systolic (S), diastolic (D) flow velocities ratio of S/D and the peak atrial reversal (Ar) were obtained.
Systolic function was considered as normal if LVEF>50% and FS of greater than 25%. [10]
Data Analysis
Data obtained was analyzed using statistical package for social sciences (SPSS 15) computer software. Data were expressed as mean + standard deviation (SD) and frequencies were expressed as percentages. Means of proportion were compared using the Chi-square while Student's t-test was used for continuous variables. Correlates of LV function were determined using the Pearson's rank correlation and predictors were assessed using multiple regressions.
A P-value of less than or equal to 0.05 was considered as statistically significant.
Results
0ne hundred and fifty type 2 DM patients consisting of 65 males and 85 females were studied. Their age range was from 26 to 80 years. The mean age of the patients (55.4±11.6 years) was similar to that of the control subjects (54.2±9.6 years) (P=0.348) and mean duration of DM in the patients was 4.53 years. Table 4 ].
The indices of LV diastolic function showed that the mitral EA ratio was significantly lower in diabetic cohort as compared with controls (0.92±0.38 vs 1.32±0.27 P=0.001). Similarly, the DT was lower (P=0.001) in diabetic than controls. However, the IVRT was higher in the diabetic patients (P=0.001) than the controls. The PVF parameters did not show any statistically significant differences between patients and control. However, the diabetics had lower PVF S/D wave ratio [ Table 5 ]. independent predictors of LV diastolic function [ Table 8 ]. However, LVMI was not.
Discussion
The main finding of this study is high prevalence of LVDD in black normotensive type 2 DM patients. The study showed that 72% of the patients evaluated had one form of LVDD or the other. Similar studies in USA involving both White and Black type 2 DM individuals reported comparable prevalence of LVDD. [11, 12] In the same vein, Osunkwo and Okeahialam had found high prevalence of LVDD in DM patients seen in Jos, Nigeria. [13] However, Danbauchi et al., and Masugata et al., did not observe any significant difference in the prevalence of diastolic dysfunction between diabetic and control subjects in Zaria, Nigeria and Japan respectively. [4, 14] The differences in reported prevalence may be due to the use of different instruments and parameters in assessing diastolic function.
Although, the results of the study showed normal LV systolic function in both patient and the control groups, there was an enhancement of LV systolic function in the former. This may be due to the increase in LV wall thickness and mass compared to healthy control, [15] as suggested by Thuesen et al. However, Osunkwo and Okeahialam; and other related works did not observe any significant difference in LV systolic function in patients and controls; they hypothesized that, signs of diastolic abnormalities could appear much earlier than systolic abnormalities in diabetics or that they do not live long enough to develop overt LV systolic dysfunction. [13, 16, 17] But, Marwick [18] argued that systolic dysfunction has been more difficult to find in human studies because of the low sensitivity of standard parameters used to assess LV systolic function (for example, ejection fraction). Recently, more sensitive indices of long axis function such as tissue Doppler echocardiographic imaging have provided evidence of disturbances of LV systolic function in diabetes, initially compensated by preservation of radial function. [19] On the other hand, some studies had found lower ejection fraction among type 2 DM patients than normal control. [20] [21] [22] The diabetic subjects had higher left ventricular mass index (LVMI) than controls in this study. Danbauchi et al., [4] and Liu et al., [23] made similar observation. The LVMI in the diabetic patients was also positively associated with the grade of diastolic dysfunction in this study. This was also observed by Zabalgoitia et al. [11] This may be due to increased apoptosis and necrosis which have been identified in diabetic heart disease, causing increased deposition of collagen in diffuse manner as a result of replacement fibrosis and connective tissue cell proliferation. [24] This ultimately results in increased LV mass and consequently decreased ventricular compliance. However, some studies did not find significant difference in LVMI [13] and relative wall thickness [14] between diabetics and normal controls. Danbauchi et al., reported a positive correlation between LVMI, diastolic and systolic blood pressure which was not seen in our study. [4] Characterization of LV geometric pattern further refines cardiovascular risk associated with LVH. Diabetics, unlike the control, in the present study had predominantly concentric LVH geometric pattern. This is the pattern that is associated with more severe hemodynamic and structural abnormalities and consequently the most adverse cardiovascular (CV) risk. [25] LVDD correlated positively, on simple analysis with patient's age, LAD and weight in this study. On multiple regression analysis, this relationship was sustained with the patient's age, LAD and weight independently predicting LV diastolic function. However, LVMI did not independently predict grades of LV diastolic dysfunction. These are similar to the findings of other studies; Masugata et al., [14] found LV diastolic Aigbe, et al.: Left ventricular structure and function, and diabetes mellitus [4] Ageing understandably causes increased atherosclerosis affecting both the large arteries and the resistant vessels leading to LV hypertrophy and decrease compliance. In contrast, Attali et al., in a study of 49 diabetic patients without known heart disease, reported that LVDD was unrelated to sex, age, duration of diabetes, or the presence of complications. [26] This study showed that more diabetic patients (49%) had abnormal ECG patterns as compared with the control (30%). The resting ECG of the diabetic patients and controls revealed higher incidence of LVH, LAE, LBBB and ST wave and Q wave changes in the diabetics than controls. This is in agreement with reports from Kaduna, Northern Nigeria which found 20% of diabetics and 1.5% of controls to have ST-T abnormalities. [27] Earlier studies especially among diabetic Caucasians revealed high prevalence of asymptomatic abnormal ST segment depression which was thought to be due to autonomic neuropathy. [28] Fewer patients (5%) in this study had ST segment changes and Q-wave abnormalities but the prevalence was higher in the diabetic group than control. This may be due to the low incidence of CAD in sub-Saharan Africans even among diabetics. In this regard, a review of ECG of diabetic Asian migrants in the UK showed ST-T wave abnormalities to be the most common finding [29] and ST-T wave abnormalities on ECG at rest have been shown to strongly correlate with silent ischemia. [30] LVH is the most frequent ECG abnormality, present in about 34% of diabetics which is similar to the reports of other studies. [16] However Bello-Sani and Anumah reported that only 7% of their diabetic cohort had LVH. [27] In conclusion, there is a high prevalence of LVDD in normotensive type 2 DM patients in our environment and this suggests cardiac involvement even in asymptomatic individuals. We suggest that cardiac assessment using non-invasive imaging modality should be a part of routine evaluation of type 2 DM patients. Early lifestyle modifications to achieve normal body weight in this group of patients will prevent or delay onset of overt cardiovascular disease.
